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Overview

ÅWe are designing SAND,  considering different geometries:
ÅECAL + 3DST+ STT
ÅECAL + 3DST + TPC 
ÅECAL + STT

also for beam monitoring we need a magnet

because spectral monitoring is necessary

In this talk

ÅBeam monitoring with     Ą 3DST only   (update)

Ą ECAL + STT



Ą3DST only        2 analysis  

- GuangYang, Davide Sgalaberna
- Artem Chukanov, Bing Guo, Roberto Petti

Ą ECAL + STT     2 analysis

-Artem Chukanov, Bing Guo, Roberto Petti, Svetlana Vasina, 
-Federico Battisti and Matteo Tenti

A summary of many analysis
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Study if SAND is sensitive to the flux variations listed by beam monitor group

These are quoted by the beam group as 1 sigma 
variation

How much is our detector sensitive?

How many days we need to discover the different 
beam respect to the nominal one?

What is our sensitivity in one week?

Beam monitoring

In both the studies the nominal and the variated flux were generated.
The nominal flux was simulated in the detector geometry and the events for the variated flux were reweighted accordingly to 
the variated  flux distribution (in different ways in the two analysis)
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INTERACTIONS in 3DST 

cube of dimensions:   2.4 m x 2.4 m x 2 m  

FV 10 cm from the edge  Ą 8.7 ton

SIMULATIONS PROCEDURE

dk2nu + GENIE + smearing with expected resolution

Beam monitoring with 3DST only
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Reweighting technique for events

So the reweights are calculated as a function of the neutrino energy

The nominal flux was simulated in the detector geometry 
the events for the variated fluxes were reweighted accordingly to the variated flux distribution 

averaged on the X, Y coordinates
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With respect to the CDR data 20 times 
more statistic was considered

In this analysis 
the flux was integrated between  -1 m to 1 m in 
X and Y directions
.ƛƴ ŜƴŜǊƎȅҒ о DŜ±

variated/nominal

Reweigthing technique for events

POT/week considered= POT year/52=1.1E21/52=2.12E19 POT 

but remind that the number quoted as POT/year corresponds 
to about 206 days 
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Reconstruction done by:      
Muon in 3DST, calorimetrically 1% 
Muon in TPC, mom. Res. 4% at 1GeV
smearing applied on true momentum

Reconstructed spectra

Neutrino energy
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Muon energy



Analysis
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Nbin=80

ὛήὶὸὨὧὬὭς
ὲέάὭὲὥὰίὬὭὪὸὩὨ

„



Muon reconstruction

Spectral results (with 2% rate uncertainties included)

Å 3DST FV cut to be changed from 10cm outer edge to 2cm Ą increase of 4(?) tons mass
Å 3DST volume can be extended along X (there is lot of empty space left inside KLOE)
Å ECAL events have been added to 3DST and currently under validation Ą expect to have a # of events comparable to 3DST.
Å Now looking only to the muon spectrum, but also neutrino spectrum will be used
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Further studies

AC is the validation by Artem 
(who did not include 2% rate 
uncertainty and used 3.8E19 
pot instead of 2.1E19 pot
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ECAL + STT

INTERACTIONS in

SIMULATIONS PROCEDURE:
dk2nu + GENIE + EDEPSIM (GEANT4) + fast reconstruction based on hits in each 
subdetector

LAr

ECAL
(the endcap are 

not shown)

Straw Tube ECAL

ND call, 15th April 2020                                               Beam monitor with SAND

22.7 ton

1 ton (small fraction)

7.4 ton



Reweighting 

Simulating with dk2nu files allows us to have beam 
information up to the interaction point in the detector 
(neutrino direction and energy)

In this case the detector dimensions are bigger 
+-2m along X axis and +-2.5 m along Y axis

The variations depends on distance from z axis, on x 
coordinate, on y coordinates

Reweighting for X and Y distribution
bins:  12.5 cm x 12.5 cm x 250 MeV

X
 a

xi
s 

[m
]
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Fast reconstruction based on hits
ÅRequire a reconstructed muon track in STT: at least 6 hits in the vertical tubes (bending plane)  

ÅReconstructed energy = 

+ calibrated energy deposited in ecal

+ deposited energy in liquid argon meniscus 

+ kinetic energy for particles entering STT

ÅKinetic energy for charged particle in STT :

smearing on momentum of particle at the entering point 
(by using equation Glucksternformula + multiscatteringterm based on number of detected hits and  
consistent with reconstruction of circular fit)  validated by full reconstruction

ÅNeutral particles : from charged particles in STT or from photons from pi0 in ecal
accordingly to results from full simulation

Muon energy resolution      sigma=3%      rms= 5%
Neutrino energy resolution sigma= 7        rms=15%
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Analysis
Shifted/nominal

Neutrino energy

Muon 
momentum
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For variations depending on X or Y coordinates
the data were splitted in two histograms

Y>0X<0
X>0

Y<0

LŦ ǘƘŜ ǎȅƳƳŜǘǊȅ ƛǎ ŎȅƭƛƴŘǊƛŎŀƭΧΦƴƻ ŘƛŦŦŜǊŜƴŎŜΗ
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There is a significative difference between True and reconstructed Ą resolution is important 
Neutrino energy is more sensitive with respect to muon momentum 

3 types of variations

Results for 1 week
Number of reconstructed events:   300 k in STT    700 k in ECAL 
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Different shapes for identifying the problem

Y>0X<0 X>0 Y<0

Cylindrical symmetry

Decay pipe radius

X dependence Y dependence
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Background rejection for events in ECAL FV
Reconstructed muon in STT with N(Y) hit >= 6 (YZ: bending plane)
Reconstructed hits in FV of front ECAL with deposited energy in
(active) cell >= 100keV

Events from the side and downstream rocks result in negligible

Background from rock muons almost entirely from rocks & 
materials in front of SAND

Background reconstructed in STT and ECAL: 0.4%
Signal reconstructed in STT and ECAL : 73%

With a NeuralNetworkbasedon timing andtopologicalinformation
we canreject the backgroundfrom rocksand from magnetwith a small
lossof efficiencyandkeepingECALFV

Layer with earliest ECAL hit

Inner layer                                       outer layer

260 ps resolution time for ECAL
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Conclusions
Å3DST only

Beam monitoring with 3DST only and by using muon spectrum are not enough for 3 s̀ignificance  

Ą Adding ECAL interactions will increase the statistic and the significance will improve 

ECAL + STT 

ÅResults indicate a sensitivity exceeding 3ˋ in one week for many variations:
horn current, water layer thickness, decay pipe radius, proton target density, beam
rms, beam off set X, horn 1 X shift, horn 1 Y shift 

ÅMore sensitivity for neutrino energy

ÅPossible identification of the type of beam variation

Further studies

Ą For other geometries  (ECAL + 3DST)

ĄUse complete detector simulation and reconstruction for all detector configurations 

Ą Improving and checking the background rejection
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BACKUP







Old reweigthing 
(very poor statistic for variated flux)






